Introduction
Problems were encountered in ascertaining the cause of discrepancies between two LKB reaction rate analysers (RRA).
One of the instruments consistently gave results which were 15% less than the values obtained from the other. The calibration procedure provided by the manufacturer, however, was not helpful in deciding at what level the fault was operating.
This paper describes the investigation of the factors responsible for the discrepancy. A calibration method is proposed which is designed to ensure better inter-laboratory agreement of enzyme analyses and which can be adapted to the calibration of any reaction rate analyser.
Preliminary investigations
An initial investigation showed the calibration differences noted were not related to the reagent concentrations. Similarly, differences in pump volumes, incubator temperature, recorder voltages, chart speeds and cuvettes could not account for a difference between the instruments of greater than about 2%. The focussing of the incident light beam onto the circular cuvette was also found to be correctly aligned. Filters A 5 nm difference was found between the peak absorbances of the original 340 nm filters used in the LKB reaction rate analysers. When both sets of filters were compared in the one instrument by means of an enzyme assay, they gave mean activities values 107.8 + 5.6 (n 10) and 103.8 + 5.8 (n 10) IU/L for the same-test. This difference was significant at the 0.001 level and accounted for nearly 5% of the discrepancy between the instruments. All filters in subsequent studies were chosen with peak absorbances of 340 + 2 nm.
Absorbance scale errors
The LKB reaction rate analyser has two absorbance scales, one of 0.05 A and one of 0.2 A. Consistent differences were found between enzyme activities calculated using the 0.05 A scale and the 0.2 A scale on both instruments. Enzyme activities calculated using the 0.2 A scale were consistently lower (see Table 1 ). This scale error was significant at the 0.001 level and was confirmed on similar instruments in other laboratories.
Temperature profile along the incubater tunnel
The mechanics of the LKB instrument are such that if the measuring time interval is set at minute, the first cuvette reaching the measuring position has been in the thermostatted *To whom requests for reprints should be sent. When replicate analyses were performed using this instrument (LKB2) it seemed that the cuvettes were now reaching the measuring position at too high a temperature since enzyme activity in the first few cuvettes was greater than the subsequent mean activity. This effect is demonstrated by LKB2 in Figure 1 .
In addition, it is clear from Figure that superimposed on this effect is another, whereby cuvettes placed at the front of the metal racks in LKB2 tend to give rise to higher enzyme activities than those at the rear of the rack.
Development of calibration procedure
The combined effect of the variations between the two analysers noted above was sufficient to account for approximately one third of the 15% discrepancy originally noted.
At this stage it was considered appropriate to calibrate each instrument against an absolute standard.
Naphthol green procedure
The LKB company has published a method utilising naphthol green [1] for the calibration of the reaction rate analyser.
Briefly, a dilution of a stock solution of naphthol green is prepared and filtered to give a series of solutions varying in absorbance from 0.4 to 0.6, so that their absorbance The term high resolution spectrophotometer is used here to define a spectrophotometer possessing a band width of nm or less [2] . A Pye Unicam SP1800 (Cambridge, England) fulfills this criterion and was used in this study. Each measurement was performed in triplicate. Good agreement was not obtained, the values differing by 10-30%. [3] 106 Conversion factor from mol to #mol
Any. error, therefore, in the apparent molar absorbance of NADH will give rise to errors in the enzyme activity obtained.
The apparent absorption of a chromophore in a filter photometer depends on the ratio of the half bandwidth of the filter to the half bandwidth of the chromophore, i.e. the relative band width (RBW). Table 2 which is modified from that of Burke et al [4] illustrates the influence of relative band width on the apparent absorbance of a chromophore and shows that the greater the relative band width, the greater the discrepancy between true and observed absorbance. . X-Y Plot of the absorbance differences obtained from LKB 1, LKB 2 and a Pye Unicam SP1800 using the proposed calibration procedure. The same filters were used in both instruments.
It was considered at this stage that the problem that remained was electronic rather than one associated with chemistry, optics or mechanics. The manufacturers were contacted and agreed to provide details of an electronic calibration procedure used by their engineers in the field.
Electronic calibration
This procedure involves adjustments designed to set voltages in the feedback loop around the detector unit. These adjustments are directly responsible for the subtraction of the initial background peak from the reaction curve and the initiation of absorbance monitoring from a reproducible zero baseline. Settings include adjustment of reference and absolute ground voltages in the feedback loop operating in both increasing and decreasing modes. Further adjustments alter the span and linearity relationship between the output signal from the instrument and the recorder registration level, and also the switching point and ratio balance between the ranges of 0.05 and 0.20 absorbance units. Some of these settings require a 'compromise' between two required voltage levels and for reasonable accuracy a volt-meter with a minimum of four digit resolution should be used.
This procedure was carried out on both LKB reaction rate analysers and absorbance difference was plotted against spectrophotometer absorbance difference as described previously. The slopes for both LKB and LKB2 were now almost identical ( Figure 5 
Discussion
Discrepancies between instruments, such as those in question, can arise either from chemical or instrumentation faults. In this case the recommended method of instrument calibration was unable to differentiate the faults and so a number of possible causes were investigated. The differences found between filters are well recognised and this variable was eliminated in further studies; however the disparity between the absorbance scales and the influence of the heating mechanism of the incubator tunnel on the reaction are not well known and need to be recognised and corrected.
Although the LKB instrument incorporates a basic filter photometer, it should operate within the manufacturer's specification of +/-5%. However, using the naphthol green calibration procedure recommended by the company, this specification was rarely achieved and a different calibration procedure was adopted. ABSORBANCE DIFFERENCE SP 1800 Figure 5 . Demonstrating agreement of apparent molar absorptivities for NADH on LKB 1 and LKB 2 after the instruments were electronically calibrated. The same filters were used in both instruments.
Many enzyme assays are linked to the formation or utilisation of NADH so that reaction rates can be monitored at 340 nm. The absorbance spectrum of naphthol green is sufficiently different from that of NADH to render calibration using this substance undesirable, and NADH or the particular chromophore used to monitor the reaction, e.g. p-nitrophenol, should be used.
The new calibration procedure confirmed the extent of the disparity between the two instruments noted when performing enzyme analyses and supported the view that the problem was one of instrumentation, possibly electronic in origin. An electronic calibration procedure produced by the company was successful in bringing the instruments back into specification and cured the problem of the disparity between the 0.05 and 0.20 absorbance scales.
Exactly what is accomplished when electronic calibration is carried out remains uncertain. Certainly such items as the ratio of the two absorbance scales and linearity across the recorder are correctly adjusted during this procedure, but the manner in which the photocell output is linked to true absorbance is not clear. In the light of the authors' experience, it is difficult to avoid the conclusion that electronic calibration merely succeeded in ensuring that both instruments investigated produced the same result. It may not ensure that the output from an instrument is linked to true absorbance.
For this reason, a correction factor may still need to be applied to the results obtained after electronic and absorptiometric calibration has been carried out. It is suggested that results which are within + 5% of the true absorbance need not be corrected, while instruments operating outside of these limits should have a correction factor applied until they can be serviced and the error corrected. This may well depend on the type of analysis being performed on the instrument.
The In the teflon tube is an ion-selective window which acts as a membrane. The inner surface of the window is coated with a calcium polyphosphate ion exchanger in a non-aqueous medium. An internal silver/silver chloride electrode connects the ion-selective electrode by a silver wire to the electronic circuit.
The silver/silver chloride reference electrode consists of a silver wire embedded in a silver chloride pellet. The internal reference aolution (2 M KC1) flows past this to meet the sample stream in a dynamic liquid junction. The reference electrode also incorporates a pair of platinum electrodes which sense the presence of air or liquid and are used by the computer to monitor cycle performance. The electrodes are mounted by a simple plug-in device in a heated aluminium block which is maintained at a temperature of 37C. A calcium electrode, a reference electrode and a spare calcium electrode (these are guaranteed for six months use provided Nova fluids packs are used) are supplied with the instrument.
The functions of the analyser are controlled by a small inbuilt computer and selection of the 'calibrate' or 'analyse' cycle is by simple push buttons. The instrument has two operating modes, 'star' and 'stand by'. In the 'star' mode the Volume 
